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A spacer and a fuel unit for a nuclear plant 

TECHNICAL FIELD OF THE INVENTION 

The present invention refers generally to a spacer for holding a 
number of fuel rods in a nuclear plant of a light water type, espe- 
cially a boiling water reactor, BWR, or a pressure water reactor, 



More specifically, the present invention refers to a spacer for hold- 
ing a number of elongated fuel rods intended to be located in a nu- 
clear plant, wherein the spacer encloses a number of cells, which 
each has a longitudinal axis and is arranged to receive a fuel rod in 
such a way that the fuel rod extends in parallel with the longitudinal 
axis, and each cell is formed by a sleeve-like member. 

The invention also refers to a fuel unit for a nuclear plant including 
a number of elongated fuel rods and number of spacers for holding 
the fuel rods, wherein the spacers enclose a number of cells, which 
each has a longitudinal axis and is arranged to receive one of the 
fuel rods in such a way that the fuel rod extends in parallel with the 
longitudinal axis, and each cell is formed by a sleeve-like member. 

In a reactor for a nuclear plant of the type defined above, a large 
number of elongated fuel units are arranged in the core of the re- 
actor. Each fuel unit includes a number of elongated fuel rods. Each 
fuel rod includes an elongated cladding tube and a number of fuel 
pellets, which are provided in a pile in the cladding tube. The fuel 
rods in the fuel unit are maintained by means of a number of spac- 
ers, for instance 6-10 spacers, which are distributed along the 
length of the fuel unit. Each spacer defines cells for receiving the 
fuel rods. The spacers thus hold the fuel rods in a correct position 
in the fuel unit and have the function to ensure the maintaining of a 
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constant mutual distance between the fuel rods during the operation 
of the reactor. 

In a boiling water reactor, the fuel rods are normally enclosed in 
5 casings, so called boxes. Each box includes a relatively large num- 
ber of fuel rods and forms together with these fuel rods a so-called 
fuel assembly, which can be lifted into and out of the core of the re- 
actor. Each fuel assembly may include one or several fuel units. JP- 
7225291 discloses a fuel assembly having one such fuel unit. US-A- 
10 5,875,223 discloses a fuel assembly having four such fuel units. 

The core is submerged in a coolant, normally water, which functions 
both as coolant and as moderator. The fuel units and fuel rods are 
normally provided substantially vertically in the reactor. The coolant 

15 normally flows from below and upwardly. It is important to maintain 
a proper cooling of the fuel rods in the reactor. In a boiling water 
reactor it is especially critical to obtain a proper cooling in the upper 
part of the fuel rods where a significant part of the coolant (water) 
has been converted to steam. In the upper part of the fuel assem- 

20 bly, the coolant thus prevails in a two-phase state, wherein the liq- 
uid state partly flows as a film on the different parts of the fuel as- 
sembly, inter alia the surfaces of the fuel rods, the spacers and the 
inner side of the casing, and partly as droplets in the steam flow. If 
the coolant film on the surfaces of the fuel rods is not maintained an 

25 isolating steam layer is formed on the fuel rod leading to a quick 
temperature increase, so called dry-out, which can lead to defects 
of the cladding tubes. 

The design of the spacers influences the flowing of the coolant and 
30 thus the cooling of the fuel rods. It is known to provide the spacers 
with deflection members provided for deflecting the coolant towards 
the fuel rods. Such deflecting members have the disadvantage that 
they, if they are used to a too large extent, result in a substantial 
increase of the pressure drop coefficient of the spacer. The per- 
35 centage of steam is highest in the upper part of the fuel assembly. 
Due to the high percentage steam in the upper part of the fuel as- 
sembly, the pressure drop frequently is higher in this part than in 
the lower part of the fuel assembly. The larger the difference in 
pressure drop between the upper part of the fuel assembly and 
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lower part, the higher the risk that the core becomes unstable In 
order to g,ve the fuel assembly proper stability properties it is 
a.med at a low-pressure drop in the upper part of the fuel assembly. 

loa'cers^forrTHr ° f * ° f types ' for insta ™e 

spacers formed by cross.ng sheets, spacers where the cells are 

formed by open elements having support points and spring mem- 
bers and spacers formed by sleeve-like members welded together 
The spacers used today are normally manufactured of zirconium- 
based alloys (Zircaloy), nickel-based alloys (Inconel), combinations 
of these alloys or stainless steel. The present invention refers to a 
spacer formed by sleeve-like members. 

A spacer of the kind initially defined is disclosed in US-A-5 875 223 
The known spacer thus includes welded sleeves forming'the cells 
mentioned above. Each of the sleeves has a lower edge and an up- 
per edge. The upper edge is parallel to a plane whereas the lower 
edge has a wave-shape with wave peaks and wave valleys The 
purpose of this design of the lower edge is to prevent possible de- 
bns particles in the coolant from getting caught in the spacer, and 
thus to reduce the wear of the fuel rods. 

JP-6-1 48370 discloses a sleeve spacer for a boiling water reactor 
Each sleeve has inwardly directed projections for abutting the fuel 
rod extending through the sleeve. The projections extend merely 
over a small part of the length of the sleeve. Each sleeve is also 
according to one example at the lower end provided with a bevel 
According to another example, each sleeve has a wave shape at 
the lower end of the sleeve. 

JP-7-225291 discloses another sleeve spacer for a boiling water 
reactor. The circular cylindrical sleeves are here provided with an 
upper, downstream end, which has triangular or rectangular projec- 
tions extending upwardly. The lower end of the sleeve appears to 
be straight. Each sleeve may also include inwardly directed projec- 
tions which extend over merely a part of the length of the sleeve 
for abutting the fuel rod extending through the sleeve 
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US-5,331 ,679 discloses a further variant of a sleeve spacer having 
substantially circular cylindrical sleeves. The spacer is kept to- 
gether by means of a band extending around the outer periphery of 
the spacer. Each sleeve has relatively short inwardly directed pro- 

5 jections, which together with a spring element form abutment points 
against the fuel rod extending through the sleeve. Both the lower 
edge and the upper edge may according to one embodiment have a 
wave-like shape with wave peaks and wave valleys. The wave 
peaks of the upper edge appear to be aligned to a respective wave 

10 valley of the lower edge. 

When designing a spacer consideration has to be taken to a plural- 
ity of different requirements, which at least partly are contradictory. 

1) The spacer shall be sufficiently mechanically strong to reduce 
15 the bending and vibration of the fuel rods and to resist large thermal 

and hydraulic forces also at dimensioning events such as plant ac- 
cidents and earthquakes. 

2) The spacer has to be able to resist axial and radial dimension 

changes of the fuel rods. 
20 3) The spacer has to give sufficient abutment surface to the fuel 
rods for minimising local wear and the risk for defects of the fuel 
rods. 

4) The spacer shall be provided with a minimal amount of mate- 
rial for minimising the neutron absorption. 
25 5) The spacer shall be designed to give a minimal flow resis- 
tance and thus a small pressure drop. 

6) The spacer shall be designed in such a way that possible de- 
bris particles in the coolant do not get caught in the spacer in such 
a way that these debris particles can subject the fuel rods to wear. 
30 7) The spacer shall be designed in such a way that it provides a 
proper cooling of the fuel rods through a suitable mixing of the 

coolant. . 
8) The spacer shall be manufactured in a relatively easy and in- 
expensive manner. 
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SUMMARY OF THE INVENTION 

The object of the present invention is to provide a spacer, which 
has a mechanical strength for reducing the bending and the vibra- 
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tion of the fuel rods, and for resisting large thermal and hydraulic 
Ih^uelrods WUhStand aXia ' radia ' dimension oi 

mate* Mn^iSr? ^Y^,? Spacer r ^ ui ™9 * small amount of 
material in order to minimise the neutron absorption. 

A further object is to provide a spacer giving a low flow-resistance. 

™Ir rth % iS t0 Pr ° Vide 8 Spacer ' which en sures a proper 

cooling of the fuel rods. M'uper 

The purpose is achieved by the spacer initially defined which is 
charactered in that substantially each sleeve-like member s 
7esl a ape * sheet -shaped materia, that is bent to the sleeve! 

Such a sleeve-like member may be manufactured in an easy man- 

contrtTtl T 9 materia ' iS sheet - sha Ped and not tubular in 

contrast to the pnor art, the thickness of material may be made thin 
to reasonable costs. Possible shaping and working of the steeve- 
l.ke member may a.so be made in an easy manner before the sheel 
shaped material is bent. sneet- 

materT^h '° k", embodlment of the invention, the sheet-shaped 
matena has, before said bending, a first connection portion in the 
proximrty of a first end of sheet-shaped material and a second con 
nect.cn portion in the proximity of a second end of the shee£sha?ed 
materia wherein the first end overlaps the second end of the 
sleeve- ke member after said bending. Since the sheet-shaped 
matena. may have a small thickness of materia., such an cvertep 
over a short part of the periphery of the sleeve-like member can be 
perrmtted without giving the overlap any noticeab.e negate "f.u 

po Z TandVnr AdV ^ eo ^ the first'connection 

portion and the second connection portion may be permanent^ 

connected to each other by means of at .east one we.d joTnt Sa d 
weld joint may include a spot weld. 
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The nuclear plant is arranged to permit re-circulation of a coolant 
me nuciedi piam „„„. H tn hp Inrated in the coo ant flow, 

flow and the spacer is arranged to be locatea in in 

wherein the spacer according to a further embodiment of the nven 
Ton may include at least one vane for influencing the coolant flow. 
5 such an nfluence may involve guiding the coolant flow in a direc- 
5 flon towards a, leas, one adjacent fuel rod ^'"^l^ 
lence in the coolant flow. In such a way a proper cooling is ensured 
and d y-out prevented. Advantageously, said vane is formed by a 
portion of the material, which extends from the first connection por- 
,n «„„ Such a vane may be provided in an easy manner in connect on 
10 7h the manufacturing oUhe s.eeve-like member and the shaping 
o the sheet-shaped material to be bent to the sleeve-like member. 
°n connecuon wUh this bending operation, the vane may also be 
faint outwardly to a suitable angle so that said vane ,s inclined ,n 
15 relation to the longitudinal axis. 

According to a further embodiment of the invention, the -leglike 
member has a thickness of the material, which is less than 0.24 
Z T preferably less ,han or equal to 0.20 mm and more ^pre erab.y 
20 less than or equal to 0. 1 8 mm. By means of such a thin thickness 0 , 
the material two substantial advantages are achieved, namely a 
"amount of material of the spacer, which provides £ . ow neu- 
tron absorption, and a low flow resistance through the spacer, thus 
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providing a low-pressure drop in the reactor. 

According to a further embodiment of the invention, the sleeve-like 
member has an upper edge and a lower edge The e leeve like 
member may also have different cross-sectional shapes, compare 
me above-mentioned previously published document;- For in- 
stance the sleeve-like member may have a substantially circular- 
clundrlcal shape. Advantageously, the sleeve-like member may 
Xc Hnclud a number of ridges, which project inwardly toward. .the 
fongi uoinal axis and extend substantially in parallel with the long - 
tudS axis for abutment to the fuel rod to I -oeived ,n the ^ceH. 
Said ridges may extend from the upper edge to the lower edge^ 
Such idges ensure a long abutment line to the fuel ro and hus a 
relatively small wear of the cladding tube of the fuel rod. Further 
m^tach sleeve-like member may include at least four of said 

ridges. 
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According to a further embodiment of the invention tho .~ 
seen transversely to the lonaitudinT. u ' 'dredge, 

with wave peaks and ^^1?' " T^** Shape 
> versely to the longitudinal axi fhas TjeTe tl^Z ^ 
peaks and wave valleys. Said wave peaks may Son bT a , 7^ 
a respective one of *a\ri hw^o u peaKS mav tnen °e aligned with 
^ + /u x ,d r,d 9es, wherein said wave valley aro i~ 

mansion changes of the fuel rod. The W ave .ike shaof o 51*," *" 

^•x^xrr of possib,e debris "^^^z 

ow getting caught in the spacer and wearing the fuel rod. 
lower edge. Advantageously the sleeve V 

•i ..... ... o. «. ..p., xziL", X " *'** *' 
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stantia.ly orthogonal long sides, where, , eac , ong s, de may nc,u e 

one of said ridges. Advantageously sa,d I vane ™»» 

wardly from one ,«* said ten, ^ to the 

elude one of said wave peaks of he upper ^ e mem _ 
of one of said wave vaUeys of the upper edge and ^a ^po rton 

ft * 1 Ln. 



15 adjacent sleeve-like member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

•„ tn he exolained more closely by 

r^Cr^: Lwith Terence to the drawings 



25 attached hereto. 



Fig. 1 



discloses schematically a nuclear ^plant 

Fi n 2 discloses schematically a fuel assemDiy 

9 ' water reactor and with four fuel units. Dressure 

30 Fig 3 discloses schematically a fuel assembly for a pressure 

3 9 ' wa ter reactor and with one fuel unit. 

pjq 4 discloses a side view of a spacer for a fuel unit. 

c t discloses a view from above of the spacer ,n Fig. 4. 

p|g | discloses a side view of a s.eeve-like member of the 

35 Fig . 7 Sses a^w form above of the s.eeve-like member 

Fig 8 discloses a side view of a sheet-shaped materia, for 

forming the sleeve-like member in Fig . 6 . 
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Fig. 9 discloses a view from above of sheet-shaped material in 

Fig. 8. 

Fig 10 discloses a side view of an outer edge element of the 

spacer in Fig. 4. 

Fig. 11 discloses a view from above of the outer edge element 

in Fig. 10. 

Fig. 12 discloses a side view of an inner edge element of the 

spacer in Fig. 4. 

Fig. 13 discloses a view from above of the inner edge element 

in Fig. 12. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF THE 
INVENTION 

Fig. 1 discloses schematically a nuclear plant including a reactor 1. 
The reactor 1 includes a reactor vessel 2 enclosing a core. The 
core 3 includes a number of fuel assemblies 4, which each includes 
a number of fuel rods 5, see Figs. 2 and 3. Each fuel rod 5 includes 
a cladding tube and a nuclear fuel in the form of a pile with fuel 
pellets (not disclosed), which are enclosed in the cladding tube. 
Through the nuclear plant a coolant, in this case water, is flowing, 
which is heated by the nuclear reaction in the nuclear fuel. The 
coolant flows through the core 3 and into each fuel assembly 4 in 
contact with each fuel rod 5. The heated coolant is conveyed via a 
first connection 10 to a plant 11 for obtaining heat energy from the 
coolant. The plant 11 may include a turbine and a condenser. The 
cooled coolant is conveyed back to the reactor via a second con- 
nection 12. The reactor 1 may be of a boiling water type, BWR, 
wherein the coolant is vaporised in the core 3 and conveyed to the 
plant 11 as steam for driving a steam turbine. The reactor 1 may 
also be of a pressure water type, PWR, wherein the coolant is not 
vaporised but conveyed to a heat exchanger of the plant 11 for va- 
porising a medium in another circuit including a turbine. 

Fig. 2 discloses schematically a fuel assembly 4 for a boiling water 
reactor. In the embodiment disclosed, the fuel assembly 4 includes 
four fuel units 20, which each includes a plurality of fuel rods 5 and 
is located in a respective space in a box 21. Between these spaces 
and the four fuel units 20 coolant channels extend. Each fuel unit 
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20 is kept together by means of a number of spacers 30, for in- 
stance six to ten spacers 30. A fuel assembly 4 with this principle 
design is disclosed in the initially mentioned document US-A- 
5,875,223. 

Fig 3 discloses schematically a fuel assembly 4 for a pressure wa- 
ter reactor The fuel assembly 4 includes a fuel unit 20, which in- 
cludes a plurality of fuel rods 5. The fuel assembly 4 normally in- 
cludes an upper tie plate 25, a lower tie plate 26 and a number of 

10 guide tubes 27, which extend between and connect the tie plates 25 
and 26 and which may be arranged to receive a control rod (not 
disclosed) The fuel rods 5 in the fuel unit 20 are kept together by 
means of a number of spacers 30, for instance six to eight spacers 
30. The fuel unit 20 is also connected to the guide tubes 27 via the 

15 spacers 30 in a manner known per se. 

The design and the manufacturing of the spacers 30 is now to be 
explained more closely with reference to Figs. 4-13. In the em- 
bodiment disclosed in Figs. 4-13, the spacers 30 are intended for a 

20 fuel assembly 4 for a reactor 1 of a boiling water type and including 
four fuel units 20. However, it is to be noted that the invention also 
Is applicable to fuel assemblies intended for boiling water reactors 
and including another number than four fuel units, for instance one 
fuel unit. The invention is also applicable to fuel assemblies 4 for 

25 reactors 1 of pressure water type, see Fig. 3. 

The spacer 30 encloses a number of cells 31, which each has a 
longitudinal axis x, see Fig. 6, which is intended to extend substan- 
tially vertically when the fuel unit 20 is located in a reactor 1. Each 
30 such cell 31 is in the embodiment disclosed arranged to receive a 
fuel rod 5 in such a way that the fuel rod 5 extends in parallel with 
the longitudinal axis x. 

Each cell 31 is formed by a sleeve-like member 32, see Figs. 6-9, 
35 which has an upper edge 33 and a lower edge 34. The sleeve-like 
member 32 also includes four ridges 35 projecting inwardly towards 
the longitudinal axis x and to the fuel rod 5 extending through the 
cell 31. Each ridge 35 extends substantially in parallel with the lon- 
gitudinal axis x along substantially the whole length of the sleeve- 
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like member 32 from the upper edge 33 to the lower edge 34 
Thanks to the fact that the ridges 35 project towards the fuefrod a 
relatively wide gap is created between the fuel rod 5 and the 
sleeve-like member in the proximity of the ridges 35. In such a way 
a proper cooling is ensured. y 

t^ZTnlf H 6 3 , 3 thG ' OWer ed9e 34 have ' seen transversely 
to the long.tudmal ax.s x, a wave-like shape with wave peaks 38 

and wave valleys 37. The wave peaks 36 of the upper edge 33 are 

aligned with a respective wave peak 36 of the lower edge 34 and 

with a respective one of the ridges 35. The wave valleys 37 of the 

upper edge 33 are aligned with a respective wave valley 37 of the 

rid7es e 35 9e ' ^ Va " 6yS 3? ^ ,OCated betWeen two ad i acent 

Each sleeve-like member 32 has, seen in the longitudinal direction 
of the axis x, four substantially orthogonal long sides 40, which 

c.u C des n on U e of r e ° f rid9eS EaCh ,0ng Side 40 thus in- 
cludes one of the wave peaks 36 of the upper edge 33 and one of 

he wave peaks 36 of the lower edge 34. Furthermore, each sleeve 

^LTT n" 32 ^ aS ' Seen in direCt, '° n ° f tne 'ong^dinal axis x, four 
substantially orthogona. short sides 41. Each short side 41 con- 
nects two of the long sides 40. Each sleeve-like member 32 thus 
has, seen ,n the direction of the longitudinal axis x, an octagonal 
basic shape, see Fig. 7. However, it is to be noted that this basic 
shape may vary, for instance the sleeve-like members 32 may have 

^hortSd^" , Cy J indriCal Sha P e or a ™* square shape Each 
short side 41 includes a portion of one of the wave valleys 37 of the 

upper edge 33 and a portion of one of the wave valleys 37 of the 
lower edge 34. These portions are substantially straight and per- 
pendicular to the longitudinal axis x. 

l^J le T' Uke memberS 32 abUt ' 38 appears fr °m Fig. 5, each 
other in the spacer 30 along a connection area formed by the short 

lltVl \ t t W ° adjacent s'eeve-like members 34. This connection 
area thus extends m parallel to the longitudinal axis x between the 
above-menboned portion of one of wave valleys 37 of the upper 
edges 33 and the above-mentioned portion of one the wave vaHeys 
37 of the lower edges 34. Furthermore, the sleeve-like members 32 
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are permanently connected to each other by means of weld joints. 
Each such weld joint includes an edge weld at said connection area 
at at least one of the upper edge 33 and the lower edge 34^ Pref- 
erably one such edge weld is provided both at the upper edge 33 
and the lower edge 34. Since the edge welds in this case are lo- 
cated at the opposite wave valleys 37 they will be relatively c ose to 
each other which is advantageous from a strength pom of view 
The substantially straight portions are suitable for the application of 
such edge welds. 

} The soaoer 30 has, seen in the direction of the longitudinal axis x, a 
Iubsta P n«any square shape, see Fig. 5. The spacer 30 includes ,« 
least two separate outer edge elements 50, which extend along a 
resoecUve side of the spacer 30. One such outer edge element 50 
5 s disc osed more closely in Figs. 10 and 11. The spacer 30 also 
5 inc^a separate outer edge element 51, which .extends along 
two of the sides of the spacer 30. The inner edge element 51 s i s 
dosed more closely in Figs. 12 and 13. The edge element ,50 51 
thus create a non-Cosed or open frame centring to the ^strength 
-0 of the spacer 30 and providing outer surfaces 52 of the spacer ^30. 
These outer surfaces 52 facilitate the introduction of the fuel un, 20 
m^o the box 21 and create a hydraulic damping to the inner wall of 
he box 21 Thanks to the fact that the frame is open in three cor- 
ners the sleeve-like members 32 in these comers are P— Jo 
25 move elastioally outwardly. As is clear from Rg. 4 he edge ete 
ments 50 51 have a longer extension in a vertical direction, i.e. in 
oaraner with the longitudinal axis x, than the sleeve-like members 
32 . particular, the'edge elements 50, 51 extend a sigmfican d, - 
tance above the upper ends of the sleeve-like members 32, which is 
30 located at the level of the wave peaks 36. 

As is clear from Fig. 5, one of the four corners of the space, -30 is 
reduced through the lack of one outer sleeve-like member 32 Jhe 
purpose of this reduction is to create space for a central water 
35 channel through the box 21. The inner edge element 51 extends 
around the reduced corner. The inner edge element 51 thus is 

Tned inwardly in the box 21 to the ^ZZ^JSZ 
ner edge element 51 also includes a vane 53, which is located at 
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itTeTL'Z^T^ " inCMned UPWard ' y a " d ""--'y *° 

i X su^s a,,:™^ * are 7 ™ctured in a nicke.-based 

600 The s.eeve7ka membe L ' 65 °' A "° y 690 ° r A "°V 

zirconium baJn in m6m ^ ers 32 ma V als ° manufactured in a 

stainless stt, y ' SU ° h 38 Various ^ es of Zir <= a 'oy alloys in 
stainless steel or in combinations of these allovs An ;JL . . 

pec. is however that the sleeve-like members 3 ar Tto Z a'smali 
thickness of material, which is less than 0 24 mm ,h 
equal to 0.20 mm or less than or equal to o.18 mm ^ " 

According to a first alternative the sleeve-like member v i« 
ee FT g d s in aan S d he 9 e Th^T »» ^""ee anTou" 

band 60 and a second con^Tol^ "rol'ity XI 

aw" a 0 „l h r e ,h S e he b et T ^ ^ b " nd " ' S S " 
r=.^ ,k ! he bendm 9. 'he first connection portion 61 ov* 

e'cb nVo^s 6?Zl? ^ ™ ^ ^ ^ 

application ! Ta we "If for^aTet".^ thr ° U9h ,hS 

«-3 . u- . A J uini » Tor instance in the form of two soot wp>ihc 

above mentioned overlap Sr^S^ 

.urmg of the s,eeve,, ke member J^JX^ ^1 
and the upper and lower edaes ?i ■ ^ y 
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60 are inus.uem welded bv means of the 

the individual bent sheet bands 60 are weiaea oy 

30 proper. However is poss.We ^to ^ p during the 

welds 63 with a more or less lempuia y , 

*™ thA <;n a cer 30 proper, for instance brazing. The sleeve 
mounting of the spacer piupc , nvture of the like in the 

,0 like members 32 are then positioned hn a fixture of the 
position it is to have in the spacer 30 The ^ *• 
members 32 are welded together by means ot ine 
Xe welds along said portions of the wave vafleys £ The edfle 
welds may advantageously be performed as men we, y 

15 of laser welding or electron-beam welding. 

It is also possible to position the bent sheet bands 60 directly in a 
Ware which keeps these during the welding by means of the 
above-mentioned edge welds, i.e. without any joming of the end 
20 portions 61 , 62 of the sheet bands 60. 



25 



a,S ° POSSiWe t0 aPPlV ^32 

the edge elements 5Q 9 , 51 firstly after the sleeve-like members 32 



have been welded to each other. 



30 



~* ^i+ornatiwp the sleeve-like member 32 is 
Arrnrdina to a second alternative, me =>i<=cv^ ^ 4 . ! - rwar i 

rnufactured from a tubular materia, h-v'^-b-^^ 
thickness of material. The tubular material may M ^cut to a su, 
size whereafter the upper edge 33 «he lowe g^ 
worked to the wave-like shaped disclosed, m 
may be obtained through a pressing operation or be provi 

J * 1 



35 original tubular material. 



At least some of the spacers 30 in the fuel unit 20 include one or 
stveral vanes 70 for influencing the coolant flow. With such a vane 
70 the coolant may for instance be guided in a direction towards at 
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least one adjacent fuel rod 5. With such a vane yn ♦ k , 

may a,s ° be ^^^.^s^ 
« -s^.^^.rrsr* extends from T: 

along a foiding ,i„ e 7 n ^ f^cTa ZXrLTnlTjfT 

idea's!?, 7?°!" r' 0 "™"'' ' he Sleeve - " ke m ^^er 32 may 
owe edg 3, sZ Ro ^ UPPer 6dge 33 and/ ° r th * 

a Pa, o/a ^f^JL^^- 

The invention is not limited to the embodiments disclosed but mav 
be vaned and modified within the scope of the following claim! Tor 
instance ,t is to be noted that the wave shape defined m^yTnclude 
an -agmable wave shapes, such as a pure sinus wave a "Zrl 
wave, a triangular wave and mixtures of these shapes 



